The total chromatic number zt(G) of a graph G is the least number of colors needed to color the vertices and edges of G so that no adjacent vertices or edges receive the same color, no incident edges receive the same color as either of the vertices it is incident with. In this paper, we obtain some results of the total chromatic number of the equibipartite graphs of order 2n with maximum degree n-1. As a part of our results, we disprove the biconformability conjecture.
Introduction

A total coloring of a graph G is a mapping ~: V(G)UE(G)--+C such that no incident or adjacent pair of elements of V(G)UE(G)
the same color. Thus a total coloring of G incorporates both a vertex coloring and an edge coloring of G, and satisfies the additional condition that no vertex receives the same color as an edge incident with the vertex. The total chromatic number J(t(G) is the least value of ICI for which G has a total coloring.
A well-known conjecture of Behzad [1] , and independently of Vizing [8] is that 4 . 2. The lower bound here is easy to see, but whether the upper bound holds is still unknown. This is also called the total coloring conjecture (TCC). If the conjecture is proved to be true for a class of graphs, then the graphs G having zt(G)= A(G)+ 1 are type 1 graphs, and the other graphs are type 2, i.e., zt(G) = A(G) 4-2.
A(G) + l <~zt(G)<~A(G)
In [7] , Rosenfeld proved that a bipartite graph satisfies TCC, which is also immediate from the result of K6nig which states that a bipartite graph is of class 1 [3] . Thus we can study the classification problem of bipartite graphs. The following results are known. 
Theorem 1.2 (Hilton [6]). Let J be a subgragh of K,,,, e(J)--IE(J)I, and re(J) be the maximum size of a matching in J. Then xt(K,.n\E(J)) = n + 2 if and only if e(J) + m(J)<.n -1.
In what follows we shall focus on the bipartite graph G=(A,B) where IAI = ]BI =n.
Such a graph is also called an equibipartite graph. It can be seen that Theorem 1.2 is mainly concerned with equibipartite graphs of order 2n with maximum degree n. In this paper, we shall study the equibipartite graphs of order 2n with maximum degree n--l.
For equibipartite graphs, it is convenient to present a total coloring by using an array with its sideline and headline. Let G = (A,B) be an equibipartite graph of order 2n where A = {x],x2,...,x,} and B= {yz,Y2,... ,y,}. If rc is a total coloring of G, then it has an n × n array M such that M(i,j) = g(xiYj) where xiYj E E(G), and the sideline (and headline) of M represents the vertex coloring of A (and B) with respect to re. Let M* be M with its sideline and headline. Then M* will be referred to as a total coloring array of G. (Fig. 1 . is an example.)
Note that if G is type 1, then M will be a partial latin square of order n, furthermore each row including the sideline contains distinct elements, so does each column including the headline. Clearly, in order to be a total coloring array of an equibipartite graph, M* has to satisfy some further conditions on vertex coloring. 
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Conjecture 1.5 (Biconformability Conjecture). Let G be a bipartite graph with A(G) >~(3/14)(IV(G)I + 1). Then G is type 2 if and only if G contains an induced equibipartite subgraph H with A(H)= A(G) which is not biconformable.
In this paper, we study the total coloring of equibipartite graphs of order 2n with maximum degree n-1 and we obtain some sufficient conditions for the graphs to be type 1. Clearly, one of the requirement is 'biconformable'. As long as the biconformability itself is not enough to ensure that the graph is type 1, then there is a possibility of obtaining a counterexample to Conjecture 1. We shall mention a class of counterexamples in Section 4. Finally, following our results, we pose a conjecture in the direction of solving the classification problem of the equibipartite graph of order 2n with maximum degree n-1.
The basic lemma
It is easy to see that if H is a subgraph of G such that A(H)=A(G) and G is type I, then H is also a type 1 graph. In other words, if we delete some edges from a type 1 graph G without changing the maximum degree, then the graph obtained is also type 1. Therefore, it suffices to study the maximal one which has degree A(G). A vertex is called a major vertex of G if the degree of this vertex is A(G), and the vertex which is not a major vertex is called a minor vertex. A graph is maximal if all the minor vertices are mutually adjacent. Now the following lemma is easy to see.
Lemma 2.1. If G is a maximal subgraph of Kn,n with A(G)=n -1. Then J=Kn, n \E(G) is a (vertex) disjoint union of stars.
Proof. Suppose not. Since A(G)=n-1, the degree of each vertex of J is at least one.
Therefore J is a spanning subgraph of Kn, n. If J contains a cycle, J must be an even cycle, and hence there exists a pair of minor vertices in G which are not adjacent. This is not possible for a maximal graph. Therefore J is a spanning forest. Now if there exists a component of J which is not a star, then there are two adjacent vertices in the component which are of degree at least two. This implies that in G, there are and n = t + r + ~i=l mi = s + r + ~--Jj=l n). For clarity, we give an example in Fig. 3 . The following result characterizes the biconformability of the maximal equibipartite graph of order 2n with maximal degree n -1. Furthermore, if ¢i does not occur in A (resp. B), then ci can occur at most s times in B (resp. A). Now (1) is a direct result of the vertex coloring using at most n colors. Conversely, if (1) is true, then the biconformable vertex coloring can be obtained by assigning the colors to the vertices following the processes: (i) if xy is an independent edge of J, then ~p(x)--= q~(y), and for each independent edge one color is used. 
It is easy to see that if H is a subgraph of a biconformable graph G such that V(H) = V(G) and A(H)= A(G), then H is also biconformable. But if G is not biconformable, we may still have a subgraph H of G with A(H)= A(G) and H is biconformable. In what follows, we obtain a necessary and sufficient condition for an equibipartite maximal graph G which contains a subgraph H such that H is not biconformable and A(H) = A( G).
Proposition 2.3. Let G = Kn, n\E(J), where J = (ml,..., ms; n l,..., nt; r)n. Then G contains an equibipartite subgraph H with A(H)= A(G) which is not biconformable if and only if either n<~ml +nl, or (1) is not true.
Proof. Assume that H is an equibipartite subgraph of G such that A(H) = A(G) which is not biconformable. First, if V(H)= V(G), then clearly G is not biconformable either. By Proposition 2.2, (1) is not true. On the other hand, if V(H)~ V(G), then f V(H)[ =2(n-1) and A(H)=A(G)=n-
Let JH =Kn-l,n-l\E(H) and u,v be two vertices in V(G)
such that H is a maximal subgraph of HI = G\{u, v}. Furthermore, Let u' and v' be two vertices in V(G) such that degj (u') = m 1, degj (v') = n l, H' = G\ { u', v' } and
JH' =K,-I,n-I\E(H'). Now we have e(JH ) + m(J~l ) >~ e(JH, ) + m(JH, ) ~ e(JH, ) + m(JH, ) = 2n --m l --nl --2.
Since H is not biconformable, H is type 2. By Theorem 1.2, zt(H)= n+ 1 (A (H) = n-1) if and only if e(JH) + m(JH ) ~< n --2. This implies that 2n -m 1 -n l -2 ~< n -2, and therefore n ~<mj + nl.
Conversly, in the case that (1) is not true, then G is not biconformable. Hence the existence of H is obvious. Assume that n ~< m I + n 1, degc,(xl ) = ml, and degc,(yl ) = n 1. Let H = G\{x,,y,} and JH =J\{x,,y,}. Again
Since H is of order 2(n-l) and Fig. 3 is one of this kind.
The problem of distributing colored balls (DCB)
In order to obtain a good necessary condition for a type 1 maximal equibipartite graph with maximal degree n-1 (hopefully this condition is also sufficient), we introduce a problem which is formulated by biconformable total colorings. The details will be explained in next section. DCB Problem. Suppose that we have t different colored balls and there are ni balls of the ith color, i= 1,2,...,t. Without loss of generality, let nx >~n2~>... >~nt. The DCB problem is to determine the minimum number of boxes which are needed to distribute all the balls given (i) the ith box contains exactly one ball of the ith color and in total at most ni balls, i= 1,2 ..... t; (ii) the jth box contains at most t balls for each j>t; and (iii) every box consists of different colored balls.
Let N =(nl,n2,...,nt) and b(N) denote the minimum number of boxes we need to distribute the colored balls properly into different boxes. In order to find b(N) we need the Fulkerson's theorem on digraphical sequence. Before we prove the main lemma, we shall use an example to explain our idea. In Fig. 4(a) , we have N = (5, 5, 3, 3) and b(N)= 5. The numbers respresent the colors of the colored balls.
Since there are three boxes in Fig. 4(a) which are not full, we can fill in some dummy balls with color 0 without changing the minimum number of boxes. Fig. 4(b) is such an adjustment. Now we can define a digraph G by way of Fig. 4(b) . Let V(G) = {vl, v2, v3, v4, u~ 
